APPENDI X H

SLOPING SURCHARGES
ANALYTI CAL TRIAL WEDGE FOR SHORI NG SYSTEMS
UTI LI ZING COHESI ON | N COwVBI NATION W TH GRANULAR SO L

An alternative to the sem -graphical trial wedge is the
analytlcal trial and error approach. The analytical nethod

i nvol ves equating the forces acting on a straight line failure
pl ane, at an assumed failure angle !a),then solving for the
maxi mum resisting active resultant pressure (P,).

This analytical method will be useful for irregular slopes and
for slopes where Rankine, Coulonb or Log-spiral applications are
not appropriate. In addition, when the soil contains clay the
addi tional clay shear resistance acting along the. active failure
pl ane surface effectively reduces the active wedge driving force.

The anal ytical procedure consists of equating forces, assumng a
failure angle, then conputing a resulting pressure. Conputation
Is repeated until the failure wedge angle selected produces the
maxi mum resulting active pressure. The analytical procedure is

i deal for conputer application.

The maximum resulting active pressure can be used to determne an
equivalent fluid pressure (Kw) which would sinulate a soil having
a level surface acting on the hei%ht of the shoring system From
the equivalent fluid (Kw) value a tictitious K, value nay be
conputed. The nethod for converting the naxinun1resu|tin?
pressure to Kw and then to a hygothetical Ky times the soil unit
wei ght is denonstrated in Part 2.

Active wedge movenent or clay shrinkage will permt the

devel opnent of clay tension cracks. Soil can |ose apParent
cohesion, due to |oss of caFiIIary tension for exanple. The
tension cracks will eventually extend to the wedge tailure plane
m1th t he maxi mum crack height equaling the critical height of the
clay.

Wien tension cracks can develop, it will only be necessary to
consider the soil wedge weight, including any surcharge, between
the limts of the shoring and the nearest tension crack that
intercepts the failure plane. Qtherw se, the entire wedge soi

wei ght, including surcharge, should be deened to be acting as the
driving force on the failure plane.

Cohesive resistance acting along the active failure plane should

only be considered to be effective between the limts of the

shoring and any tension crack that intercepts the failure plane.
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If tension cracking will not occur, the entire length of the
failure plane will provide cohesive resistance. Linitin? t he

| ength of the clay resistance along the hypothetical failure Iine
Is denmonstrated in Part 3 and Part 4.

When it is possible for water to stand in tension cracks the

addi tional horizontal reaction nmust be added to the other force
conponents.  The horizontal conponent of water (P, = 0.5y.h.°)

wll act at one-third the height of the crack and wll oppose the
hori zontal conponent of the shoring resisting force (Py).

Wien soilshear strength has both frictional and cohesive
conmponents these val ues nust be confirmed and be appropriate.
Log- of - Test Borings acconpanying contract plans do not indicate
both cohesion and friction angle for the same boring. It wll
general ly be necessary for the Contractor to furnish soils
Information froma recognized soils lab or simlar source.

Verification of soil shear strength with values derived fromthe
Log- of - Test Borings should be based on a conservative _
interpretation of the Log-of-Test Borings and the relationships
between Standard Penetration Test (SPT) N-values and soil shear
strength values. Generally speaking, unconfined conpressive
strength derived from SPT N-values for a cohesive soilshould be
based on a nore conservative interpretation than that used to
derive a soil friction angle from SPT N-value for a granul ar
soil. This also neans that when TABLES 12 and 13 are used
conservative values should be selected. Conformance with the
foregoing will obviate the need to apply safety factors to the
soi |l strength val ues.

Vall friction (6) nay be considered when the shoring will not be
subjected to dynam c | oading, or when shoring construction does

not include |lagging. For the active condition the wall friction
acts vertically upward and effectively reduces the force of the

wei ght acting down. It is recomended that no wall friction be

used for the passive case.

I't should be noted that weak seans in the soil can predi spose the
soil mass to fail along the seamrather than along the failure

pl ane, particularly if water is present in the seam Wak seam
sllﬁpage woul d prevent the full wedge from becom ng active. If
weak seams exist in the passive wedge undesirable events wll

nmost probably result.

The anal ytical devel opment for trial wedges assumes honogeneous
i sotropic soil. Surcharges on the active wedge nerely add wei ght
to the wedge, and with the anal ytical nethod any surcharges

situated beyond the failure plane, or behind tension cracks, are
negl ect ed.
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Anal ytical trial wedge devel opnent is presented in the follow ng

sequence:

PART 1. Effect of tension crack height and |ocation on the

active tria

PART 2: Anal yticé&

wedge.

active-trial wedge for strutted type

systens assuming no clay tension crack has
devel oped in the wedge. An exanple problemis

i ncl uded.

PART 3: Analytica

active trial wedge devel opment for a

continuous cantilever shoring wall wth a
surcharge situated over a clay tension crack

PART 4: Exanple problem denonstrating passive resistance
for the active wedge of PART 3 for a level and for
a downward sl oping surface. Reconmended safety
factors against sliding and overturning are

i ncl uded.

PART 1: EFFECT OF TENSI ON CRACK ON THE ACTI VE WEDGE

Three different
conditions can exist for
the location of the

maxi mum potential clay
tension crack: (1) it can
be located within the
sem -l evel top of
enbankment area as shown
in the adjacent figure
where S > A (2) it can
be | ocated bel ow the

hi nge point so that A >S
or %3) it may be |ocated
on a slope (S = 0) when
the slope line intersects
the failure plane. Wth
no surcharge on the
enbanknment the essenti al
equations for the length

)
| b

1
H

-
L

LOCATI ON OF TENSI ON CRACK

(t) and for the contributing weight (W are as follows:

1) S>A
S = X - h/tang
Y = S(sing) (sinr)

A = h./tana = tcosa

TRENCHING AND SHORING MEMO NO.1 (10/90)
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t = h/sine = A/cosa

E = (£ + Y)(sinr)/sin(90° + B)

S - A = e/tang ' 3

W=9y/2[(H+ D ~-h + E )(X - A) - e/tanf]
2) B8 <A )

§S=3X% - h/tang

t = (h,sin(90°* + B) ~ S(sinp)])/sinr

A = tcosa

We=v/2[(H+D=-h+ h)(X"- 2a))
3) 8=0

t = hsin(90° + B)/sinr
A = tcosa
W= y/2[(H + D =h + h) (X - A))
When a surcharge of a permanent nature (not traffic) is situated
on the enbanknent the depth of the tension crack (hg) which mght.
e

be |ocated under the surcharge (Q is reduced as indicated by the
foll owi ng equation:

Under surcharge (Q: h = (2¢/[K17% - Q)/v

PART 2. ANALYTI CAL ACTI VE TRI AL WEDGE FOR STRUTTED TYPE SYSTEMS

TRENCHI NG AND SHORING MEMO NO.1 (10/90)
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The following is an analytical developnent of an active wedge for
a strutted tYpe systemw th an intermx of cohesionless and
cohesive soils. Assume insufficient time for a significant clay
tension crack to develop. Assume also that no water will get
into tension cracks and that no friction or other cohesive forces
wi | dlevglé)p on the soil face of the shoring. An exanple problem
i s included.

Frictional resistance

N = y= Unit weight of the soil
(G anul ar) ¢= Soil internal friction angle
_ _ C = Cay cohesion _
N. = Cohesive resistance a = Assunmed angl e of wedge failure
W = Wedge wei ght plus surcharge

Shear on failure plane: S=C+ Ntan ¢ = No + N
The relatively small wall adhesion (CJ forces will not be

considered to sinplify the calculations. Wall friction (d)and
wat er pressure (Py) are not included in this exanple.

N, = Ntang ‘ " Ngy = Ntan¢gcosa
N,y = Ntangsina
N, = LC = HC/sina
Ny = N.cosa = HC(cosa)/sing N, = HC/tana
Ny = Nesina = HC(sina)/sina | | N, = HC
EQUATE ZF, = 0 -+

0 =P + Ny + Ny - Nsina
0 = P, + HC/tana + Ntangcosa - Nsina
0 = P, + HC/tana + N(tangcosa - sina)

EQUATE ZF, = 0 T+

0 = =W + N, + Ny, + Ncosa
0 = W - HC - Ntan¢gsina - Ncosa
N = (W - HC)/(tangsina + cosa)

Or transposing: N = (W - HC)cos¢/cos(a - ¢
From ZF, = 0:
P, = N(sina - tangcosa) - HC/tana

Substitute the N value from the IF, = 0 equation

TRENCHI NG AND SHORI NG MEMO NO. 1 (10/90)
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P, = [(W - HC)/(tangsina '+ cosa))[sina - tangcosa]- HC/tane
P,; = (s.ixi;z - tangcosa) (W - ﬁC) / (tangsina + cosa) - HC/tana
Tranqusing: P, = (W - HC)tan(a - ¢) - HC/tana
If C=0then P, = Wan (a- f)

Were W= y/2(H?/tane - h’/tang), and B < ¢

Note: If there is no bench on the embanknent

polr_t(ijon of the wedge the equations above are still
val i d.

Assume: (Cenerally 45°=¢/2 < @ < 45°+ ¢/2)
Search values of ato determ ne maxi num P,.

Once maxi mum P, is determ ned an equival ept fluid weight may be
calculated from the equation Kw = 2P,(Hh)~.

If the systemw |l be in place |ong enough for clay tension
cracks to develop, the clay resisting length (L) nust be reduced
by the Iength_(tsj al ongg1 the failure plane behind the tension
crack. The height of the tension crack hg, detlp{m ned by the
critical height of the clay, is equal to (20 [Kj - Q)/y, Where
Qis the surcharge and Ky is for a level surface. The length t
may be determned from the triangular relationships t/h, = L/H
Wat er ?ressure may now need to be considered in addition to all
other forces acting on the system

EXAMPLE:

Assume foregoing configuration for a strutted trench with H equal
to 28 feet, h =16 feet (which includes 2 feet of soil for an
equi val ent m ni num surcharge), B= 45°, y = 115 pcf, ¢ = 32°, \ith
d= 0, and C = 200 psf. This condition is for short term (48
hours) |oading, and appropriate safety factors are included in
the soil paraneters.

Det erm ne maxi mum active resultant pressure (P,) and an

equi valent fluid weight (Kw). From Kw deternmine a hypotheti cal
Ka Using the given unit weight. Draw a proper pressure diagram
for the given height of the shoring system

TRENCHI NG AND SHORING MEMO NO 1 (10/90)
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SCOLUTI ON:

For short term loading the potential clay cracking will be
I gnor ed.

Tang tan32° = 0.625 tang = tand5 = 1.0

W= 115/2[(28)° tana - (16)°/1.00] = 57.5[784/ tana - 256)

HC = 28(200) = 5,600

P, = (sina-0.625cosa) [57.5(784/tdna-256)~5,600]/ (0.625sina+cosa)
- HC/tana

Successively try various angles in the above equation to search
for the maxinum active pressure:

Maxi num P, = 1,048 Lb/LF (Wien angle a= 527)
Kw = 2P/ (H - h)? = 2(1048)/(28-16)° 15 pcf
Then a hypothetical Ky, = Xw/y = 15/115 = 0.13

And one appropriate pressure dia%ram to use is the trapezoid for
which Py, = 0.8KWH - h) = 0.8(15)(12) = 144 psf

L
| \o.zH
/

-

0.6H

1

0.2H

PA— *.I

If C = 0 the exposed sl ope an?le cannot be assuned to be greater
than the internal friction angle of the soil (B8 < ¢)

Revising so that C=0 and § = ¢:

TRENCH NG AND SHORING MEMD NO 1 (10/90)
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W=115/2[(28)%  'tana- (16)4 ‘tang)

Maxi num P, = Wan(a = ¢) = 4981 Lb/L.F. (Wen a= 46°)
Then Kw = 2(4981)/(28-16)% = 69 pcf

The hyot hetical K, =Kw/y = 69/115 = 0.6

and Py, = 0.8Kw(H - h) = 0.8(69)(12) = 662 psf > 144 psf

PART 3. ANALYTI CAL WEDGE FOR A CANTI LEVER WALL

Fol low ng is a devel opment of an analytical active wedge for a
continuous cantilever type shoring wall wth a surcharge and a
clay tension crack using the follow ng parameters:

vl N
D=20" C = 200 psf
]9:_ 13120 pcf Surcharge = 300 psf
| |
Oj3¢01pﬁf
NZZA\
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ANALYTI CAL ACTI VE WEDGE

Wwith tension crack:

= C(L-t) = C(H+D)/sina
-Ch./sina

C(H+D-h.)/sina

= C(H+D-h.)/tana

C(H+D-h,) -

Ntangcosa ..

= Ntangsina

For the case when a tension crack wll devel op:
zF,= O

0 =Py+ Nyt Ny - Nsina

0 = P, + C(H+D-h;)/tana + Ntangcosa- Nsinca

P, = N(sina - tangcosa) - C(H+D-h;)/tana

Transposing: P, = Nsin(a - ¢)/cos¢ - C(H + D - h;)/tana
=F,= 0O

0=N, + N, + Ncosa - W (Where Wincludes Q

0 = C(H+D h,) Wtangsina + Ncosa - W
Solve for N and substitute into the ZF, = 0 equation.

N=[W- C(HDh,)]/ (tan¢sina + cosc)

Transposing: N = [W-CH + D - h.)/(cos (e - ¢)/cos¢)]

= {[W- H+D- h (tangsina + cosa) ) (sina - tangcosa)
P = AL O H hC/té)n]a/

TRENCHI NG AND SHORING MEMD NO.1 (10/90)
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P, =[sina-tangcosa] {[W-C(H+D-h.) ]/ (tangsina+cosa)}
-C(H+D-h.) /tana . S .

Transposing: P, = [W- C(H+D-h.)ltan(a - f) - C(HtD-h/tana
L = (HD)/sin a

Sur charge between shoring and tension crack:

Partial Surcharge = 300{[(H+D)/ tane] = h - 2' - h./tanea}

W= y/2[(H + D)zlfana - hz/tanB - (hc)z/tana] for ,the soil
plus 300[ (H+D-h.)/tana - h - 2'] for the surcharge.

he = (20 [KJ Y% - QF y =(400/[0.31)"% - 300)/115 = 3.64'
(Remi nder: tensi'on crack Ky is for level surface.)

P, = 22,321 Lb/LF (rmaxi nrum when a= 57°)

Confirmthat the tension crack is under the surcharge; if it
I's not, reconpute h, (using Q=0), W and P, In this
exanpl e the tension crack 1's under the surcharge.

B If water mght fill the tension crack the transposed P,
equati on becones:

P, = [W- H+ D- h)]tan( a- f
h - H+ D - hgg} tar(m +0-5)Yu(hc)2

For this condition Py, = 22,734 Lb/LF (Maxi mum when a= 57°)

C. [f there will be no tension crack:

W = y/2[(H + D)?/tana - h’/tanB] for the soil
plus 300{[(H + D)/tana] - h - 2'} for the surcharge

P, = [W- C(H+ D)]tan( a- f) - C(H + D)/tana

P, = 22,072 Lb/L.F. (Maxi num when a= 58°)

The above equations can be used when C = 0, but in that case the

sl ope angle ( b) cannot exceed the interior friction angle ( f) of
the soil.

Use the maxi num active condition (B% to determne safety factors
for a passive condition where the slope is not steep but nay be
conti nuous, and conpare to the condition where the excavated
surface may be considered level. This exanple is denonstrated
after the passive wedge devel opment which foll ows.

TRENCH NG AND SHORING MEMD NO. 1 (Rev 7/93)
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PART 4: PASSI VE WEDGE RESI STANCE

Denonstrate passive wedge resistance for two conditions; one in
which the resisting ground surface is level in front of the
shoring, and one in which the ground in front of the shoring

sl opes down and away on approximately a 3 to 1 continuous

sl ope. The appropriate passive wedge re5|sthgj§ressure IS

determ ned fromthe | og-spiral curves of Fl E 8. A sem -
graphical or analytical passive trial wedge solution would not be
appropriate since either of these two nethods woul d approxi mate
the Coul onb solution; which has been denonstrated to always be an
unsaf e approach.

SOLUTI ON:

FOR LEVEL SURFACE SLOPING AT = 3.1
B/¢ 0 -18.44'/32° = -0.6
K,Coef fi ci ent 7.9 3.2
Reduction Factor 0 425 0.425
K, 3.36 1.36
D 20’ 20'
g 115 pcf 115 pcf
Pp = 1/2KyD° 77,280 Lb/LF 31,280 Lb/LF

VWl | pressures for cantilever systens are normally assumed to act
at one-third of the height of a triangle (whose base is |ocated
at the bottom of the pressure wedge).

-

<

PASSI VE ACTI VE

TRENCHI NG AND SHORI NG MEMO NO. 1 (10/90)
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SUMVARY OF PRESSURES:

ACTI VE PRESSURES ( Maxi mun) :
Wth tension crack: Pn = 22,321 Lb/LF
Wth water in the crack: P, = 22,734 Lb/LF (Controls)
Wth no tension crack: Pa= 22,072 Lb/LF

PASSI VE PRESSURES (M ni nun):

S Oﬁi ng enbanknent below H P,

_ 31, 280 Lb/LF
Wth | evel surface bel ow H: Po 77,280 Lb/LF

Conpute the safety factor (S.F.) against sliding:

Passi ve sl opi ng enbanknent condition:

S.F. = PJ/Py = 31,280/22,734 = 1.38 < 2.0 =~n.g.
Passive |evel surface condition:

S.F. = PP, = 77,280/22,734 = 3.4 > 2.0 = 0.k

Compute the safety factor (S.F.) against overturning using the
monment s taken about the bottom of the shoring:

Passive sloping enbanknent condition:

M, for P, = 31,280(20)/3 208, 533 Ft-Lb/LF

My for Py = 22,734(12 + 20)/3 242,496 Ft-Lb/LF

S.F. = M/M = 208,533/ 242, 496 =0.86 <15 =~ nog.

Passive |evel surface condition:

M for P, = 77,280(20)/3 = 515,200 Ft-Lb/LF

M, for Py = 242,496 Ft-Lb/LF

S.F. = M/M, = 515,200/ 242,496 = 2.12 > 2.0 ~ o.k.
The shori ng shoul d be satisfactory for the condition where the
passive wedge consists of a |evel surface: |orOV| di n%et he ground

condi tions do not change significantly, including t possibility
of the active wedge becom ng heavily saturated.

TRENCHI NG AND SHORING MEMO NO. 1 (10/90)
H1-12



